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Abstract A bacterial isolate called 49M, showing protec-
tive activity against fire blight caused by the bacterium
Erwinia amylovora, was selected from a large collection of
isolates obtained from the apple phyllosphere and was
identified as Pseudomonas graminis, based on its pheno-
type and sequence analysis of the 16S rRNA and rpoD
genes. The efficacy of strain 49M under laboratory and
greenhouse conditions to protect apple blossoms and apple
terminal shoots was equal or even higher than that of the
reference strains A506 of Pseudomonas fluorescens and
C9-1 of Pantoea vagans, as well as the bioproducts
BlightBan A506, Blossom Protect and Hortocyna 18 SP
(streptomycin), used for comparison. However, its activity
on pear fruitlets was slightly less effective, but significantly
better (over 10 %) than that of BlightBan A506. When
strain 49M was introduced onto apple blossoms in or-
chards, it effectively colonised them during the entire
bloom period, in different weather conditions, including
rain. The strain showed no pathogenicity towards plant
tissue (pear fruitlets, apple blossoms, tobacco leaves) and is
therefore, a potential candidate for the development of a
new biopesticide against fire blight.
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Introduction
Fire blight caused by Erwinia amylovora is a very
severe bacterial disease of apple, pear and many
other plant species, mainly of the Rosaceae family.
It occurs in almost all pome fruit production re-
gions of the world and causes damage of econom-
ic importance (Bonn and van der Zwet 2000). The
disease affects all aboveground plant organs, caus-
ing their dieback. Flowers are the most important
site of infection for epidemic fire blight occur-
rence, followed by the growing terminal shoots.
The pathogen enters the host plants via natural
openings such as the stigmas and nectaries of
flowers, stomata, hydathodes or via wounds, and
spreads systemically within plants. Common symptoms
of fire blight are burn-like damage to flowers, leaves,
fruits and terminal shoots and necrotic lesions and can-
kers develop on woody tissues (stem, branches)
(Thomson 2000). The severity of disease is favoured
by weather conditions such as high humidity and tem-
perature, especially during vegetative growth. However,
its occurrence is generally irregular and differs from
season to season, even within the same orchard. Apart
from the weather, the presence and amount of the infec-
tion source are also very important. In planning a dis-
ease control program, prediction systems such as
Maryblyt or CougarBlight 2010 (van der Zwet et al.
2012) are very helpful. The control of fire blight is based
on integrating various practices, including the applica-
tion of protective treatments with copper-based prepa-
rations, phytosanitary pruning, the protection of wounds
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and the disinfection of pruning tools (Psallidas and
Tsiantos 2000; van der Zwet et al. 2012). In some
countries (e.g., the USA), treatments with antibiotics
are also recommended, but their use in plant protection
within the European Union, however, has only been
permitted on an emergency basis, under tightly
restricted conditions (Stockwell and Duffy 2012;
Fried et al. 2013). Such legal requirements derive
from the risk of positive selection of streptomycin-
resistant strains of E. amylovora and other bacteria that
inhabit orchards and the possible negative impact on the
environment. Furthermore, there is a fear that resistance
might spread to human pathogens.
In recent years, the interest in finding new solutions
for fire blight control has increased and has included the
use of biocontrol agents, including antagonistic
bacteria. This method represents an alternative to
chemical applications and can also serve as a
supplementary approach within an integrated strat-
egy of disease control. Currently, to protect apple
and pear trees during blooming, biopesticides
based on the bacteria are registered and commer-
cially available: Bloomtime (Pantoea agglomernas
E325, USA), BlossomBless (P. agglomerans P10c,
New Zeland), BlightBan C9-1 (P. vagans C9-1, USA),
BlightBan A506 (Pseudomonas fluorescens A506,
USA) and Serenade (Bacillus subtilis QST713, USA),
as well as on yeast Aureobasidium pullulans
(Blossom Protect, strain DSM 14940, Germany,
and DSM 14941, Austria) – see Johnson and
Stockwell 2000; Pusey and Wend 2012; Roselló
et al. 2013. Research is also being carried out with
the aim of improving the efficacy of these prod-
ucts as well as the selection of new effective strains
with novel mechanisms of action and those that have a
satisfactory effect on plant protection (Cabrefiga et al.
2011; Montesinos and Bonaterra 2009; Pusey andWend
2012; Roselló et al. 2013).
We have shown in previous studies that bacterial
isolates selected from populations of the apple
phyllosphere are effective against fire blight
(Sobiczewski et al. 2008; Mikiciński et al. 2008, 2011;
Sobiczewski et al. unpublished data). Among those
isolates, one called 49M formed yellow-pigmented col-
onies (Mikiciński et al. 2008). In this study, we identi-
fied 49M to be Pseudomonas graminis and we evaluat-
ed its ability to suppress fire blight in immature pear and
apple flower assays, and its fitness on flowers in an
orchard.
Materials and methods
Bacterial strains and commercial products
Strain 49M, which was isolated from the apple
phyllosphere at the Pomological Orchard in
Skierniewice, Poland, was selected from a group of 12
isolates that formed yellow-pigmented colonies and
showed other similar morphological characters. The
strain showed protective activity against fire blight in a
screen of a large collection of isolates obtained from the
apple phyllosphere, other plant species and soil
(Mikiciński et al. 2008, 2011; Sobiczewski et al. unpub-
lished data).
In our study on the identification and efficacy of 49M
against fire blight, LMG 688 of Xanthomonas
arboricola pv. corylina, EccUG (Pectobacterium
carotovorum spp. carotovorum), A506 (Pseudomonas
fluorescens) and C9-1 (Pantoea vagans) were used as a
reference strains. The following commercial products
registered for fire blight control were also included in
the trials as standards: BlightBan A506 (strain A506
Pseudomonas fluorescens, Nufarm, USA) and
Blossom Protect (Aureobasidium pullulans, Bio-ferm
GmbH, Austria), both prepared according to the manu-
facturer’s instructions, and Hortocyna 18 SP (18 %
streptomycin sulfate, Polfa, Poland).
A highly virulent wild strain of Erwinia amylovora,
Ea659 was used for all efficacy trials. This strain was
originally isolated from apple shoots in Poland in 1988.
All strains were routinely stored in a mixture of PBS
buffer with 20 % glycerol at -70 °C.
Identification of isolate 49M
Phenotypic characterisation
The following tests were performed, according to the
keys of Bradbury (1988); Schaad et al. (2001); Holt et
al. (1994), and Janse (2005): colony morphology, Gram
reaction, spore formation, the presence of fluorescent
pigment, the presence of oxidase and the
oxidative/fermentative metabolism of glucose, ni-
trate reduction to nitrite, the presence of catalase,
levan production from sucrose, indole production
from tryptophan, the production of dihydrolase
from arginine, the utilisation of glucose, lactose, raffi-
nose, rhamnose, sucrose, mannitol, sorbitol, citric acid
and the Voges-Proskauer test (Schaad et al. 2001).
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Additionally, due to the yellow colour of the bacterial
colonies, the test for the presence of flexirubine, which
is characteristic for some yellow-pigmented
Flavobacterium strains, was performed (Christakis et
al. 2005).
DNA-based identification
On the basis of the results of preliminary phenotypic
characterisation, 49M DNAwas first amplified with the
primers X1 and X2, which are specific for bacteria of the
genus Xanthomonas (Maes 1993). The type strain LMG
688 of Xanthomonas arboricola pv. corylina was in-
cluded in the analysis as a reference. Because of a
negative result of this test, isolate 49M was then identi-
fied by sequence analysis of the 800 bp-long fragment
of the 5’ end of 16S rDNA. The DNA fragments ampli-
fied with fD1 and 800r primers (Weisburg et al.
1991; Drancourt et al. 1997) were directly se-
quenced and the obtained sequence was compared
to those available in NCBI GeneBank (http://www.ncbi.
nlm.nih.gov) using the BLASTn program to identify the
closest relatives.
Based on BLASTn analysis of the 16S rRNA gene
sequence and the classification of isolate 49M to the
genus level, a fragment of the rpoD gene was amplified
with primers PsEG30F and PsEG790R, complementary
to the rpoD gene of bacteria belonging to the genus
Pseudomonas (Mulet et al. 2009). The obtained se-
quence was subjected to phylogenetic analysis together
with rpoD sequences of type strains of other
Pseudomonas species available in GenBank (as a refer-
ence). A maximum likelihood tree was generated by
applying the Tamura-Nei evolutionary model with
Gamma distribution (found as the best substitutionmod-
el) and 1000 bootstrap replicates (MEGA 5 software
package; Tamura et al. 2011).
Growth on selective media
To assess the growth ability of isolate 49M, it was
cultured on the following media, based on the results
of phenotypic tests and DNA analysis: Cetrymide Agar
(selective for Pseudomonas spp.) and MacConkey Agar
(selective for Gram-negative bacteria) (Kado 1979).
Growth and colony morphology were assessed 48 h
after incubation of the bacteria at 25 °C.
Pathogenicity assays with the 49M isolate
The immature pear fruit assay of Sobiczewski and
Millikan (1985) was modified to assess the pathogenic-
ity of 49M. Immature pear fruit slices of cv. Conference
were briefly dipped in a suspension of 49M
(1 × 107 CFU mL−1) or sterile water. Observations of
any disease symptoms were performed within 7 days
after inoculation.
The hypersensitive reaction (HR) on tobacco cv.
Samsun was tested according to the method of
Klement (1963) and the induction of HR was observed
within 24 h.
Pectolytic activity was tested on potato slices and
crystal violet pectate (CVP) medium. Potato tubers, were
washed in tap water, surface-sterilised by dipping for
5 min into 70 % ethanol and were rinsed several times
in sterile distilled water. The 10-mm thick slices were
placed on wet filter paper in Petri dishes and a loop of
bacterial growth from NAS medium (Nutrient Agar
2.3 %, sucrose 5 %) was transferred and equally distrib-
uted onto their upper surface twice. After 24 48 h incu-
bation at 25 °C, observations of rot development on
potato slices were performed. The test on CVP medium
was performed according to Cuppels and Kelman (1974).
A bacterial suspension of 108 CFU mL−1 in sterile water
was spread with a glass rod onto the surface of the
medium containing 0.2 % crystal violet, 1.36 % CaCl2,
0.2 % NaNO3, 0.5 % sodium citrate, 0.1 % Trypton,
1.8% polygalacturonic acid and 0.8% agar. The presence
of characteristic pits around colonies after 48 h incubation
at 27 °C was considered to indicate pectolytic activity. As
a positive control, strain EccUG of Pectobacterium
carotovorum spp. carotovorum was used.
Efficacy of fire blight control by strain 49M
Preparation of bacterial suspension
Strain 49M and the reference strains were cultivated on
NAS medium at 26 °C and were washed from the
medium with sterile distilled water after 24 h. The
concentration of bacteria in the suspension was adjusted
by measurement with a spectrophotometer (Semco
S91E) at 630 nm and using serial dilutions and plating
on NAS medium. The concentration of biological con-
trol strains was adjusted to 1 × 108 CFU mL−1. The
concentration of Ea659 (E. amylovora) in all tests was
1 × 107 CFU mL−1.
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Pear fruitlets assay
This test was performed according to the method de-
scribed by Sobiczewski and Millikan (1985) with slight
modifications. The pear fruitlet slices of cv. Conference
were briefly dipped into a water suspension of the test
strain or the commercial products prepared according to
the manufacturer’s instructions; sterile water was used
as a negative control. The treated slices were immedi-
ately placed onto moist filter paper in 20 cm-diameter
Petri dishes. After 6 h, the slices were inoculated by
spraying the surface with Ea659. The evaluation of
disease appearance on slices was performed after 3, 5
and 7 days of incubation at room temperature. The
following scale was used: 0 – no symptoms, 1 – single
drop/drops of bacterial ooze, 2 – several drops of ooze
on about half the surface of the slice and small necrosis,
3 – ooze and necrosis on about half the surface of the
slice, 4 – heavy ooze and necrosis on the entire slice.
Each treatment was tested on at least 40 fruitlet slices
(four replicates × 10 slices).
Test on apple blossoms
The test was performed in a quarantine greenhouse on
one-year-old apple trees cv. Idared growing in pots and
on excised branches of apple cv. Jonagored, the basal
ends of which were placed into beakers with water. Both
cultivars showed different susceptibilities to fire blight.
According to Le Lezec et al. (1997), ‘Jonagold’
(‘Jonagored’ is the mutant of ‘Jonagold’) has a low
susceptibility, but ‘Idared’ is highly susceptible. Shoots
or branches with blossoms in full bloom were sprayed
with a suspension of the test strains and after spraying,
they were covered with plastic bags. Commercial prod-
ucts were prepared according to the manufacturer’s
instructions. After 24 h, blossoms were inoculated by
spraying with a suspension of Ea659 and were again
covered with plastic bags for a further 24 h. The pres-
ence of fire blight symptoms on the flowers was record-
ed after 6 and 9 days on ‘Idared’ trees and after 5, 7 and
9 days on ‘Jonagored’ branches using the scale of Pusey
(1999) with slight modifications: 0 – apparently healthy
flower, 1 – necrosis visible on the flower nectary, 2 –
necrosis on the whole ovary, 3 – necrosis covering at
least half the length of the peduncle, 4 – necrosis cov-
ering the flower, including whole peduncle. Each com-
bination was applied on ‘Idared’ trees with five repli-
cates with 30–40 flowers in each replicate and on
branches of ‘Jonagored’ with 60–70 flowers in each of
five replicates.
Test on apple shoots
The tips of actively growing terminal shoots of one-
year-old apple M.26 rootstock in pots in the greenhouse
were cut with sterile scissors under the first undeveloped
leaf and were sprayed with a suspension of 49M strain
or BlightBan A506 prepared according to manufac-
turer’s instructions. Following the treatment, the shoots
were covered with plastic bags. Inoculation was per-
formed 6 h later by spraying with the suspension of
Ea659 and immediately covering the shoots with plastic
bags for 24 h. The evaluation of the presence of fire
blight was performed after 7, 10 and 17 days. The
percentage of shoot necrosis was calculated at each
time-point using the following formula: % necrosis =
necrosis length/shoot length × 100. Each combination
consisted of five replicates, each consisting of 15–16
shoots.
Survival on apple blossoms in orchard conditions
Apple blossoms in full bloom (5May, 2009) on labelled
branches (10 blossoms on five trees located in three
rows) of trees cv. Jonagored growing at the
Experimental Orchard in Dąbrowice/Skierniewice were
sprayed with a suspension of 49M and C9-1 strains or
with sterile water only (control). After 2, 6 and 10 days
of the treatment, 10 blossoms were aseptically sampled
and were transferred to individual sterile test tubes with
10 mL sterile water. After shaking for 15 min, the
number of bacteria in the rinsates was determined by
serial dilutions and plating on NAS medium. The iden-
tity of representative colonies of 49M was confirmed by
sequence analysis of the 16S rDNA and rpoD genes.
The weather parameters (daily maximum and minimum
temperatures and precipitation) during the experimental
period were recorded.
Statistical analysis
To test the effect of strains and commercial products on
the biocontrol efficacy against Erwinia amylovora, one-
way analysis of variance (ANOVA) was performed.
Differences among means were compared by the
Newman–Keuls test at P = 0.05. Prior to analysis, data
were transformed using the Box–Cox and Bliss (for
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percentage data) transformations to fulfil homoscedas-
ticity and the normality assumption was checked using
Levene’s and Lillefors tests. All calculations were per-
formed using STATISTICA software version 10.
Results
Identification of isolate 49M
Isolate 49M formed small (about 1 mm in diameter),
translucent and colourless colonies when incubated for
24 h on NAS medium. After 5 days, these colonies
became yellow, circular, slightly convex with a regular
smooth edge were up to 5 mm in diameter, without
spilling onto the surface of medium. The cells were
non-spore-forming Gram-negative rods. They showed
oxidative metabolism of glucose, did not reduce nitrate
to nitrite, produced catalase and oxidase, but were neg-
ative for the indol test and did not produce fluorescent
pigment. Based on these characteristic, the isolate was
initially classified to the genus Xanthomonas. However,
no amplification product was observed after the reaction
of 49M DNAwith primers X1 and X2 specific for this
genus, whereas a specific PCR product of 480 bp was
obtained with the type strain LMG 688 of Xanthomonas
arboricola pv. corylina used as a reference. The
BLASTn analysis of the 16S rDNA sequence
(LN901295) of isolate 49M showed over 99 % similar-
ity with the 16S rDNA sequence of Pseudomonas
graminis DSM 11363T (Y11150), Pseudomonas putida
IAM 1236T (D84020) and Pseudomonas rhizosphaerae
IH5T (AY152673). However, the phylogenetic analysis
based on the obtained rpoD gene sequence (LN901296)
showed that it formed a single phylogenetic lineage with
Pseudomonas graminis LMG 21611T, with 95.7 % se-
quence similarity (Fig. 1). Additional phenotypic tests
confirmed the similarity of 49M to the type strain P294/
08 T of P. graminis (Table 1). Based on these results,
isolate 49M was identified as a strain of P. graminis. In
additional assays, P. graminis 49M did not cause disease
symptoms on pear fruitlets or induce HR on tobacco
leaves, and showed no pectolytic activity on potato
tuber tissue or CVP medium (Table 1). Also, no symp-
toms on apple blossoms treated with 49M only were
observed (unpublished data). These test results con-
firmed that isolate 49M was P. graminis and can be
considered as a strain.
Efficacy of strain 49M in fire blight control
Strain 49M was highly protective against fire blight on
pear fruitlets, determined 3 and 5 days after inoculation
with E. amylovora (Table 2). A subsequent evaluation
(after 7 days) showed a slightly lower efficacy compared
to that of strains A506 and C9-1 and Hortocyna 18 SP
(streptomycin), but a significantly higher effect than
bioproduct BlightBan A506. In the test on apple blos-
soms cv. Idared, strain 49M was as effective as other
bacterial strains and BlightBan A506 during the first
Fig. 1 Maximum likelihood tree
based on rpoD sequences of
isolate 49M and type strains of all
most closely related
Pseudomonas species. Bootstrap
values (expressed as percentages
of 1000 replications) are given at
the nodes. Bar - nucleotide
substitutions per site
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6 days after treatment (efficacy 80 %). The later assess-
ment performed 9 days after the treatment, revealed a
decrease in the efficacy of 49M to a level similar to that
of the other two strains and BlightBan A506 used for
comparison (Table 3).
In the experiment on apple blossoms cv. Jonagored,
the protection by strain 49M was very high 5 days after
inoculation with E. amylovora (efficacy 92.5 %) and
was similar to that of other treatments (i.e., C9-1,
Blossom Protect) (Table 4). During the experiment, the
efficacy of all treatments decreased only slightly, but
without significant differences among them. On the final
(9th) day of the experiment, the greatest number of
blossoms without fire blight symptoms were observed
in the treatments with strain 49M (Fig. 2).
The protective treatment of injured apple terminal
shoots ofM.26 rootstock with 49Mwas effective during
the whole period of the experiment (17 days) and ranged
from 96.9 %, on the 7th day after inoculation, to 86.2 %
Table 1 Phenotypic characteristic of strain 49M in comparison
with the type strain of Pseudomonas graminis
Character 49M Type strain
P 294/08T*
Colony colour Yellow Yellow
Gram reaction (KOH) − −
Spore formation − −
Cell morphology rod rod
Presence of oxidase − −
Metabolism** O O
Nitrate reduction to nitrite − −
Fluorescent pigment − −
Catalase + +
Indol production − −
Levan − −
Arginine dihydrolase − −
Utilization of:










Voges-Proskauer reaction − −
Flexirubine presence − ND
Growth on:
MacConkey agar + +
Cetrymide agar + ND
Tobacco HR − ND
Pectolytic activity on:
potato slices − ND
CVP medium − ND
*According to Behrendt et al. 1999
**O-oxidative; ND no data, + positive, − negative
Table 2 Severity of fire blight on immature pear fruit slices cv.
Conference treated with bacterial suspensions of 49M, A506, or
C9-1, a commercial formulation of A506, or Hortocyna





Control (water) 1.0* ± 0.00a 3.6 ± 0.06a 4.0 ± 0.00a
49M 0.1 ± 0.03b 0.4 ± 0.16c 0.9 ± 0.28c
A506 0.0 ± 0.00b 0.1 ± 0.03d 0.1 ± 0.05d
C9-1 0.0 ± 0.00b 0.1 ± 0.00d 0.2 ± 0.08d
BlightBan A506 0.0 ± 0.03b 0.8 ± 0.18b 1.4 ± 0.18b
Hortocyna 0.06 % 0.0 ± 0.00b 0.1 ± 0.03d 0.3 ± 0.05d
*Rating scale of severity: 0–4 (0 – no necrosis, 4 – total necrosis of
slide); each treatment consisted of 40 slices (10 × 4 replications);
means within column followed by the same letter are not signifi-
cantly different at P < 0.05 according to Newman-Keuls test
(means ± SE)
Table 3 Severity of fire blight on apple blossoms cv. Idared
treated with bacterial suspensions of 49M, C9-1, A506, or a






Control 1.5* ± 0.12a (0.0) 2.6 ± 0.10a (0.0)
49M 0.3 ± 0.03bc (80.0) 1.0 ± 0.06b (61.5)
C9-1 0.2 ± 0.03c (86.7) 0.7 ± 0.16b (73.1)
A506 0.5 ± 0.12b (66.7) 0.8 ± 0.06b (69.2)
BlightBan A506 0.3 ± 0.07bc (80.0) 1.0 ± 0.07b (61.5)
*Rating scale of severity: 0 = no necrosis; 4 = total necrosis of
ovary and peduncle; numbers in brackets show efficacy (%);
means within column followed by the same letter are not signifi-
cantly different at P < 0.05 according to Newman-Keuls test
(means ± SE)
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on the 17th day. The application of BlightBan A506was
significantly less effective, at 30.8 % (Table 5).
Colonisation of apple blossoms by strain 49M when
applied in an orchard
Strain 49M established and maintained high populations
on apple blossoms cv. Jonagored in an orchard up to
10 days after inoculation (Fig. 3). Two days after inoc-
ulation, the mean population of 49Mwas 4.5 × 106 CFU
flower−1. Six and ten days after inoculation, the mean
population ranged from 6.1 × 106 to 1.5 × 106 CFU
flower−1, respectively. The populations of 49M did not
differ significantly throughout the experiment.
Similarly, the population of P. vagans C9-1 did not
differ among the sampling times and showed a mean
of 1.6 × 106, 1.7 × 106 and 1.2 × 106 CFU flower−1 on 2,
6 and 10 days after inoculation, respectively (Fig. 3).
The sampling on sixth day was performed before rain.
The identity of the re-isolated bacteria was confirmed as
49M using molecular methods. On water-treated control
blossoms, the population sizes of indigenous bacteria
ranged from 2.0 × 102 to 4.0 × 105 CFU flower−1. The
indigenous bacteria were phenotypically and genetically
different to colonies of 49M. The colony morphology of
the indigenous isolates also differed from that of C9-1.
The weather during the orchard experiment varied, with
high temperatures ranging from 12 °C to 25 °C, low
temperatures from 7 °C to near freezing, and four days
with measureable rain (Fig. 3).
Discussion
This study aimed to detect and select effective bacterial
isolates against fire blight and showed that the apple
phyllosphere and the environment of other plants are
inhabited by bacteria that show potential activity for the
Table 4 Severity of fire blight on apple blossoms cv. Jonagored treated with bacterial suspensions of 49M, C9-1, or a Blossom Protect prior





Control 0.4* ± 0.07a (0.0) 1.3 ± 0.09a (0.0) 1.5 ± 0.17a (0.0)
49M 0.03 ± 0.01b (92.5) 0.2 ± 0.07b (84.6) 0.4 ± 0.09b (73.3)
C9-1 0.01 ± 0.0b (97.5) 0.1 ± 0.06b (92.3) 0.5 ± 0.12b (66.7)
Blossom Protect 0.03 ± 0.02b (92.5) 0.2 ± 0.03b (84.6) 0.5 ± 0.03b (66.7)
*Rating scale of severity: 0 = no necrosis; 4 = total necrosis of ovary and peduncle; numbers in brackets show efficacy (%); means within
column followed by the same letter are not significantly different at P < 0.05 according to Newman-Keuls test (means ± SE)
Fig. 2 Control of fire blight on
blossoms (cv. Jonagored) treated
with 49M, C9-1, or the
commercial yeast formulation
Blossom Protect and then
inoculated with Erwinia
amylovora Ea659. Notice: The
number of diseased flowers was
assessed 5 and 9 days after
inoculation. Bars represent the
mean percent blossoms without
symptoms of fire blight and the
vertical lines represent the
standard error. For each time
point, bars with the same letter are
not significantly different at
P < 0.05 according to Newman-
Keuls test
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biocontrol of this disease (Sobiczewski et al. 2008;
Mikiciński et al. 2008; Kabeil et al. 2010; Gerami
et al. 2013; Roselló et al. 2013. One isolate (49M) was
selected from a group of 24 bacterial isolates
characterised by yellow-pigmented colonies, originating
from symptomless apple leaves cv. Idared (Mikiciński
et al. 2011). Preliminary identification of these isolates
classified 12 as Pantoea agglomerans, whereas the
others, including 49M, possessed features similar to
bacteria of the genus Xanthomonas (unpublished data).
However, the identification based on sequence analysis
of the 16S rRNA and rpoD genes, allowed the 49M
isolate to be classified as Pseudomonas graminis.
Yellow-pigmented pseudomonads that show efficacy
against fire blight have been reported infrequently in
the literature as showing potential to control fire blight.
Manceau et al. (1990) found that such bacteria strongly
colonised blossoms and leaves of pear trees and were
more often detected than Pantoea agglomerans or
Pseudomonas fluorescens. They also documented that
epiphyticPseudomonas syringae and yellow-pigmented
pseudomonads formed 90 % of the total bacterial pop-
ulation. Based on these findings, they suggested that
effective isolates should be selected from among good
leaf colonisers or be modified using genetic engineering
(Manceau et al. 1990). However, from studies on these
bacteria using only a few identification tests, they could
only be classified to the genus level. Some studies
dealing with bacteria suitable for biocontrol against fire
blight have used the term Byellow colored bacteria^,
without a detailed identification/characterisation of the
strains (McIntyre et al. 1973; Wrather et al. 1973;
Isenbeck and Schulz 1986; Vanneste et al. 1992).
Pseudomonas graminis was isolated initially from
the phyllosphere of grasses in Germany by Behrendt et
al. (1999), who also characterised and named it. They
found that a group of aerobic Gram-negative rod bacteria
with polar flagella, formed yellow colonies that did not
produce fluorescent pigment on King B medium, or re-
duced nitrate to nitrite, were also oxidase-negative and
were unable to oxidise or ferment glucose to produce acid,
but utilised a wide spectrum of carbon sources. Detailed
identification studies including DNA-based analysis, re-
vealed that all of these bacteria belonged to the genus
Pseudomonas and showed low homology to other species
of the genus. Based on this study, the new species
P. graminis was identified (Behrendt et al. 1999). Bazzi
et al. (2006) studied bacteria with protective activity
against fire blight on apple blossoms and classified some
as P. graminis, based on 16S rDNA sequences. However,
using fatty acid analysis, these strains showed intermediate
characteristics between those ofPseudomonas cichorii and
various pathovars of P. syringae. Recently, Alegre
et al. (2013) reported that the strain CPA of
P. graminis, originally isolated from apple, reduced
the population of foodborne pathogens (Salmonella,
Listeria monocytogenes) on minimally processed apple
and peach fruits.
Strain 49M effectively protected pear fruitlets cv.
Conference against fire blight, although to a slightly
lower level than that of A506 and C9-1 strains and the
streptomycin product Hortocyna 18 SP. On the other
hand, the ability of 49M to protect ‘Idared’ apple blos-
soms was very high (80.0%) during the initial days of the
experiment, and similar to the reference treatments, sub-
sequently slightly decreased. However, the efficacy of
‘Jonagored’ apple blossom protection remained at a high
level (81.7–97.6 %) throughout the whole experiment
(9 days). The susceptibility to fire blight in natural con-
ditions differed between the cultivars, with ‘Idared’ being
highly susceptible, and ‘Jonagored’ having a low
suseptibility (Le Lezec et al. 1997).
Table 5 Severity of fire blight on apple shoots M.26 treated with bacterial suspensions of 49M, or a commercial formulation of A506 prior
to inoculation with Erwinia amylovora Ea659
Bacterial isolate/product Days after inoculation
7 10 17
Control 6.5* ± 0.65a (0.0) 21.0 ± 5.22a (0.0) 37.7 ± 3.26a (0.0)
49M 0.2 ± 0.18b (96.9) 1.6 ± 0.91c (92.4) 5.2 ± 1.41c (86.2)
BlightBan A506 6.0 ± 0.66a (7.7) 9.0 ± 1.27b (57.1) 16.8 ± 1.49b (55.4)
*Length of shoot lesion/total length of shoot ×100; numbers in brackets show efficacy (%); means within column followed by the same letter
are not significantly different at P < 0.05 according to Newman-Keuls test (means ± SE)
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Strain 49M was very effective in protecting
M.26 apple terminal shoots during a 17-day-long
experiment, and was significantly more effective
than BlightBan A506 (Mikiciński et al. 2011).
Nevertheless, this higher efficacy might be due to the
high cell concentration of strain 49M used in our
Fig 3 Population dynamics of 49M or C9-1 on blossoms on
labelled branches of apple trees (cv. Jonagored) in an orchard.
Notice: Strain 49M or C9-1 (1 × 107 CFU·mL−1) or water were
sprayed on labelled branches of apple trees in full bloom (May 5th,
2009). Upper panel: Mean population sizes and standard error of
49M (solid square), C9-1 (solid triangle) or indigenous bacteria
(filled circle) on water-treated trees were estimated 2, 6, and
10 days after inoculation (day marked with asterisk and ‘Spray’).
Population data was transformed to log10 prior to analysis (New-
man-Keuls test at P = 0.05). Lower panel: Environmental condi-
tions. Bars represent precipitation in mm and lines present the
daily maximum (triangle) and minimum (square) temperatures
(°C)
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experiments (1 × 108 CFU mL−1) in comparison to that
of the biopesticide (1 × 107 CFU mL−1), which was
prepared according to the manufacturer’s instructions
(Stockwell and Stack 2007). Another factor that might
have affected this result is the length of the period
between treatment and inoculation with E. amylovora.
Strain A506 is very effective in disease control when
applied to pear flowers 72 h before inoculation with
E. amylovora (Wilson and Lindow 1993). Although
no data are available regarding the efficacy of A506 on
terminal shoots, Vanneste et al. (2006) pointed out that
the number of CFU of A506 after application to apple
leaf surfaces can drastically decrease even 7 h after
application. In our experiment, strains 49M and A506
were applied to wounded shoots only 6 h prior to
inoculation with the pathogen, in an attempt to avoid a
bias in the results due to such an effect. Furthermore, we
have found that an extension (up to 24 h) of the period
between antagonist application and inoculation with
Ea659 caused a drastic decrease in the appearance of
disease on treated shoots (data not shown). The exper-
iments of Ülke and ınar (1999) on shoots of pear cv.
Deveci also demonstrated that six selected strains of
Erwinia herbicola (syn. Pantoea spp.) showed a higher
(up to 80 %) efficacy in controlling fire blight when a
24 h time interval between the application of antagonists
and pathogen inoculation was used.
Biological preparations based on bacteria can vary in
their effect under field conditions in comparison with
chemical products based on copper, depending on ad-
verse environmental conditions for the establishment of
the biocontrol agent biological preparation, particularly
dryness (Stockwell et al. 1998; Montesinos 2003; Bazzi
et al. 2006). The strain 49M used here under partly
controlled greenhouse conditions, showed a high pro-
tective activity on apple terminal shoots and blossoms.
Moreover, this strain survived well on blossoms in
orchards throughout the entire bloom period, despite
changing weather conditions, including rainfall, which
is considered very important for its practical application.
The colonisation of plant organs that are infection sites
for the pathogen is a key feature for biocontrol success.
From an epidemiological perspective, the most impor-
tant period for control is the first three days after a flower
opens, when flowers are highly susceptible to infection
(Gouk and Thomson 1999). Bazzi et al. (2006) demon-
strated that pseudomonads that were artificially applied
to apple blossoms survived effectively in the orchard for
15 days. The population dynamics of the 49M strain on
apple blossom was very similar to those of A506
Pseudomonas fluorescens on pear pistils (Wilson and
Lindow 1993) and C9-1 Pantoea vagans (formerly
identified as Erwinia herbicola) on the stigmas and
styles of apple (Stockwell et al. 1998). The results of
other authors indicate that a mean temperature of about
4 °C can limit the number of surviving bacteria and
affect their biocontrol activity (Nuclo et al. 1998).
In conclusion, strain 49M is highly protective against
fire blight on different plant tissues (up to 73.3 % on
flowers and 86.2 % on terminal shoots, respectively,
compared to the controls) and survived well
(6.7 × 106 CFU flower−1) during the entire bloom period
in an orchard. This is the first report showing that
Pseudomonas graminis strain 49M is a prospective
candidate for future development as a biopesticide
against fire blight.
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